The effects of increasing work (force) requirements on energy expenditure and response topography were examined in 7 rats pressing a beam to earn food. For the 1st 16 days, the force requirement was 5.52 X I0~2 N (5.625 g). This increased by 4.91 X 1(T 2 N (5 g) every 7th session until Ss had experienced 10 upward shifts. Following the 54.57 x 10~2 N (55.625 g) condition, the original criterion was reinstated. During the augmented phase, Ss maintained stable reinforcement rates across conditions by increasing the peak force of beam pressing. These higher forces, occurring within 20 reinforcements of changing the force criterion, were produced primarily by increases in the rate of change of force (AF/AT). Also, while the rate of work performed on the beam increased, the overall energy expenditure fell. In contrast to these rapid adjustments, reinstating the original 5.52 X 10~2 N (5.625 g) criterion resulted in only gradual alterations in motor performance.
We conducted the present experiment to determine how motor performance was reorganized and energy expenditure was altered when the work required for food reinforcement was systematically increased. These issues have not been adequately explored by conventional operant methods, which have usually relied on response rate to index both alterations in motor performance and energy expenditure. Furthermore, the work costs of reinforcement have typically been manipulated by altering the number of responses required for reinforcement (e.g., Ackroff, Schwartz, & Collier, 1986; Collier, 1983) . By definition, these contingencies change the number of responses made for each reinforcer and thereby the probability that each response will produce reinforcement. Furthermore, because extra time is taken to generate larger numbers of responses, changes in fixed ratio requirements also result in alterations of the absolute rate of reinforcement. Therefore, any changes in behavior that follow increases in a ratio requirement could be attributable to changes in the probability of reinforcement, reductions in the rate of reinforcement (Mackintosh, 1974) , or the augmented work requirements.
Unlike the fixed ratio case, the increasing work requirements used in the present experiment did not prevent subjects from maintaining both their initial reinforcement rates and reinforcement probabilities. Therefore, it was possible to ask whether the initial values of these variables would be protected by subjects adjusting their performance appropriately when the reinforcement criterion was increased. Furthermore, by making detailed recordings of the temporal and kinetic properties of beam pressing, we were able to examine how rapidly and in what ways motor performance was adjusted when the work requirements were augmented. These issues bear on questions of how programs for motor performance are structured and modified. Although this topic has not received much attention in operant analyses of behavior (but see Fowler, 1987; Notterman & Mintz, 1965) , it has been intenCorrespondence concerning this article should be addressed to Jasper Brener, Department of Psychology, State University of New York, Stony Brook, New York 11794-2500. sively investigated in other areas concerned with principles of behavioral regulation (e.g., Bonnet, Requin, & Stelmach, 1982; Gordon &Ghez, 1987a) .
The procedure adopted in the current experiment for increasing the work costs of reinforcement was to augment the peak force criterion for reinforcement on 10 successive occasions. Following response acquisition (initial criterion = 5.52 x 10" 2 N), the peak force requirement was augmented by 4.91 x 10~2 N every seventh session. We used equal force increments made at equal time intervals for two reasons. First, the progressive nature of the adjustments circumvented possible problems associated with the irreversibility of behavioral changes produced by modifications of the reinforcement criterion. Second, equal increments applied for equal periods of time facilitated comparisons of the behavioral adjustments made to the range of criteria being investigated. The orderly nature of the adjustments made to the peak force requirement could result in subjects learning to modify their motor performance so that they met successive reinforcement criteria more rapidly and with greater accuracy. Therefore, analyses were undertaken to distinguish behavioral changes that occurred in response to the prevailing contingencies from those that may have been learned. These analyses sought to determine the time course of changes in performance following each increment in the reinforcement criterion. They were based on the premise that if performance changed similarly to successive increments in the reinforcement criterion and with a similar time course, then it could be concluded that behavioral modifications were driven by the prevailing reinforcement criterion, rather than by subjects learning the pattern of increment changes.
We also performed similar analyses to explore the effects of reducing the reinforcement criterion to its original level after the 10 increments had been implemented. On the basis of the Principle of Least Effort (Solomon, 1948) , it might be anticipated that decreases in the requirements would be accompanied by rapid decreases in response magnitude: Maintaining a response topography sufficient to meet a more stringent reinforcement criterion than currently prevails will result in excessive work being performed to earn reinforcement. Thus, it may be predicted that reinstating the original low force requirement to earn reinforcement will be followed by a readjustment of the response parameters to values recorded during the latter part of acquisition with approximately the same latency as adjustments that followed increases in the force requirements.
The final issue we explored in this experiment concerned the relationship between rates of task work and overall energy expenditure. It has been noted elsewhere that the task work performed in experimental environments and overall energy expenditure do not necessarily covary (e.g., Brener, 1987; Brener & Mitchell, 1989; Brener, Phillips, & Sherwood, 1983; Sherwood, Brener, & Moncur, 1983) . In those studies, the work required was relatively small and fixed over the course of the experiment, and while work rates remained stable, overall energy expenditure rates declined. The apparent paradox contained in these observations, that the rate of energy expenditure varies independently of striate muscular work rates (e.g., Astrand & Rodahl, 1987) , is resolved by recognizing that overall energy expenditure is determined by task irrelevant behaviors and metabolic maintenance activities, in addition to task work. Because the body weights of subjects remained relatively stable over the course of the experiments, it may be inferred that basal metabolic requirements also remained stable (Kleiber, 1961) . Therefore, the reductions in overall metabolic rate observed over periods when the task work rates were stable must have been due to reductions in the amount of energy expended on performing nontask work.
In the present experiment, we investigated this process further by examining variations in overall energy expenditure as task work rates were systematically augmented. If the overall rate of energy expenditure does not follow the rate of task work even when task work rates increase substantially, then it would be implied that inferences regarding energy expenditure should not be drawn on the basis of rates of task work.
To summarize, we designed this study to address the following questions in the light of the issues raised:
(1) What parameters of the response are adjusted to meet the increasing peak force reinforcements? (2) How rapidly are responses adjusted to meet these requirements? (3) Do reductions in the peak force required for reinforcement result in alterations in response topography that mirror those that occur to increases in the requirement? (4) Do the alterations in motor performance result in changes in the rate of task work and if so, are these changes accompanied by modifications in the energy mobilized by subjects, or is energy reallocated from the overall energy budget to performing task work?
Method

Subjects
Seven naive male black-hooded rats, weighing between 364 g and 423 g (mean = 399 g) at the start of the experiment, were drawn from the colony maintained in the Psychology Department at the University of Hull. All animals were maintained at between 85% and 90% of their preexperimental body weights by supplemental feeding with standard lab chow following each experimental session.
Apparatus
The experimental environment used in this experiment was identical to that previously described by Brener and Mitchell (1989) . It consisted of a Plexiglas box, 18 cm (wide) x 28.3 cm (deep) x 16 cm (high). Three aluminum force beams, designed to the specifications given by Notterman and Mintz (1965) , were mounted on the front panel. In this experiment, only the leftmost beam was active: Responses on the central and right-hand beams had no effect and were not recorded.
Force applied to the disc was sampled continuously at 100 Hz by an 8-bit Analog-to-Digital (A/D) converter by a Cromemco Z-2D microcomputer. Unlike the system used by Brener and Mitchell (1989) , force was measured in units of 0.613 x 10" 2 N (0.625 g). The
computer was programmed to calculate and record the response parameters described below and to apply the reinforcement criterion. Note that only beam presses that exceeded a peak force of 2.45 x 10~2 N (2.50 g), designated as the "recognition criterion", were classified as responses. This measure was adopted to distinguish the animal's activities from spurious signals induced by, for example, amplifier drift. If the reinforcement criterion force was achieved during the course of the beam press, then on beam release, a fixed amount of liquid food was delivered into a small cup directly below the beam. This liquid food consisted of one part Build-Up, a commercially available dietary supplement manufactured by Carnation, diluted with three parts water. Coterminously with each food delivery, a 0.03-s click was sounded in the box. The timing of reinforcement delivery and the click was aimed at limiting the amount of useful external feedback available to the subjects. Thus, subjects were forced to regulate responses on the basis of kinesthetic cues. The volume of each food reward was 33.33 >tL and had an energy value of 37 calories (155 J). For comparison purposes it may be noted that a 45-mg P. J. Noyes pellet has an energy value of 171 calories (716 J).
The food delivery mechanism consisted of a 10 mL glass syringe mounted in a Plexiglas assembly and was driven by a stepper motor. This device was positioned outside the sound-attenuating chamber in which the experimental box was housed. When the conditions for reinforcement had been fulfilled the computer delivered a series of pulses to the stepper motor, which resulted in a fixed amount of liquid food being delivered to the food cup.
Throughout the experiment, oxygen consumption was recorded using a Taylor-Servomex Model OA580 paramagnetic oxygen analyzer. Measurements were made by the same method as that used by Brener and Mitchell (1989) , with the single exception that reference measures of O 2 were made every alternate minute instead of every seventh minute. This was undertaken in an effort to improve the precision of oxygen consumption recordings, thereby increasing the accuracy of the overall energy expenditure measures. However, a posteriori tests revealed no differences between the two sampling intervals in terms of mean oxygen consumption measured during the experimental session. The measurements yielded minute-by-minute values of oxygen consumption, which were expressed in relation to the animal's body weight, that is in mL O 2 /kg/minute. The oxygen analyzer was regularly zeroed with nitrogen, and before each session, the span of the instrument was adjusted to read the correct value for dry room air. This calibration procedure ensured that the O z measures were corrected for the prevailing temperature and barometric pressure (STP).
Procedure
Subjects were allowed to acquire the beam-pressing response in the same way as described by Brener and Mitchell (1989) . During this period, and also throughout the successive daily sessions following response acquisition, continuous recordings of oxygen consumption were made for each subject. Furthermore, in all conditions, sessions terminated when the subject had earned 100 reinforcements or 60 min had passed, whichever occurred first. Following 16 consecutive days (sessions) on which a subject earned all of the available reinforcements within an hour by pressing the beam with a peak force greater than 5.52 x 10~2 N (5.625 g), the peak force requirement for reinforcement was increased on the following day by 4.91 x I0~2 N (5.00 g). Having completed 6 days under this reinforcement criterion, the peak force requirement was again augmented by 4.91 x 10~2 N the next day. This procedure of increasing the required peak force on every seventh session continued until all subjects had experienced 10 upward shifts of the reinforcement criterion and 6 days on the terminal reinforcement criterion of 54.57 X 10~: N (55.625 g). On the following day, the peak force criterion was reduced to the level on which subjects initially acquired the response, 5.52 x 10~2 N, and this criterion remained in effect for the final 16 days of the experiment. Figure 1 illustrates and defines the response parameters that were measured and submitted to statistical analysis. In addition to interresponse time, these consisted of the temporal parameters, peak force Brener & Mitchell, 1989.) latency, and response duration, and the kinetic parameters of AF/AT (rate of change of force per unit time measured in newtons/second), peak force, and time integral of force or work per response (area under the force-time curve measured in newton -seconds). The rates of energy expenditure (VOs) and energy capture (interreinforcement time) were also monitored continuously. Combinations of these measures enabled the calculation of two indices of behavioral efficiency. First, energy efficiency was calculated by dividing the amount of Oj consumed during the session by the number of reinforcements earned during that session (energy expended per reinforcement). Second, task efficiency was calculated by summing the time integral of force curves for the reinforced response and also for any preceding nonreinforced response that had occurred since the previous reinforcement (work performed on the beam per reinforcement).
Data Analysis
The acquisition data (Days 1-16) and the return-to-baseline period, when the peak force requirement used during acquisition was reinstated for 16 days, were each examined using one-way repeatedmeasures analyses of variance (ANOVAs) and Duncan's Multiple Range techniques on all the variables described above. Furthermore, we assessed the immediate effects on motor performance of returning the peak force criterion to the same level as that used during acquisition by comparing the first 6 days of this Condition with both the final 6 days of acquisition (Days 11-16) and the 6 days consisting of the final augmented reinforcement criterion period, using two-way ANOVA techniques with repeated-measures on Conditions and Days within Conditions.
We analyzed the effects of the successive augmentations of the peak force criterion, using two-way ANOVAs (11 Conditions X 6 Days within Conditions) with repeated-measures on both factors. A total of 11 conditions were analyzed by these methods as the final 6 days of acquisition were included in addition to the 10 augmented reinforcement criterion conditions. Variables showing a significant Conditions effect accompanied by a nonsignificant Days x Conditions interaction were submitted to further analyses. These two criteria were used because, first, a Conditions effect for a particular variable indicated that its values were affected by the different force requirements and, second, a nonsignificant Conditions x Days interaction implied that there were no systematic differences in the time courses of adaptations to each new requirement. These additional analyses were designed to determine whether the variables were significantly altered on the first day of the incremented force criterion from the final day on the preceding criterion, and if so, how many reinforcements had been received on that first day before those values changed significantly. As these analyses are somewhat unusual, they are described below in some detail.
For each augmented force condition, the 100 reinforcements received on the day prior to and the day on which the force criterion was incremented were each partitioned into 10 blocks of 10 reinforcements. The mean values of each performance variable were calculated for each of these blocks. A three-way ANOVA with repeated measures on force criteria (Conditions), blocks of reinforcements (Blocks), and days (final session on the preceding force condition and the first session of the next augmented force condition) was then performed for each of the variables. This design was selected to take account of any systematic variations within sessions (e.g., warm-up effects). A significant days effect with 10 blocks implied that the variable was significantly different on the first day of the incremented condition from its value on the final day of the prior force requirement condition. In this case, the ANOVA was rerun using 9 blocks (i.e., the first 90 reinforcements of each session). If this analysis also yielded a significant days effect, the ANOVA was rerun with 8 blocks, and so on until the number of blocks had been reduced to 2. However, when a nonsignificant result was obtained, the analysis was discontinued, and the number of blocks included in the last analysis to yield a significant days effect was recorded for the variable.
Results
Because the response acquisition process proceeded in a similar way to that observed by Brener and Mitchell (1989) , this aspect of the data is not described in detail. However, as noted earlier, data from the final 6 days of acquisition have been used to provide a baseline with which to compare the effects of increasing the reinforcement criterion.
The first three sections of the results describe the changes in motor performance associated with altering the force required to earn reinforcement. First, the gross alterations in motor performance made to accommodate the successive changes in this criterion are identified. Second, the rapidity of motor adjustments immediately following augmentations in the force requirement is examined. Third, the modifications occurring after the reinstatement of the original 5.52 x 10~2 N criterion are assessed. The final section examines whether changes in the peak force requirement resulted in modified work rates on the beam and also whether these different work rates were associated with parallel alterations in overall energy expenditure. 
Alterations in Motor Performance Between the Successive Force Requirement Increments
Significant increases in the mean peak force of beam presses were generated in response to the changes in the peak force requirement (Figure 2) , F(10, 60) = 45.82, p < .01. As illustrated in this figure, subjects increased the mean peak force of responses by an average of 4.99 x 10" 2 N (5.090 g) on each occasion that the peak force requirement was augmented by 4.91 x 10~2 N except for the final augmentation. These increases in peak force were not produced exclusively by adjustments in either the peak force latency or AF/AT. Mean AF/AT was systematically amplified with each change in peak force requirement (Figure 2) , F(10, 60) = 24.33, p < .01. However, its effects on peak force were potentiated by augmentations in mean peak force latency up to the fourth increase in the reinforcement criterion (Figure 2) , F(10, 60) = 2.78, p < .01. Following this, mean levels of peak force latency stabilized, then began to fall slightly from the sixth increase in force requirement onward. Thus, the adaptation to increases in the peak force required for reinforcement were effected primarily by alterations in AF/AT, with complementary changes in the time taken to achieve the peak force being confined to the initial conditions. Although the increases in mean peak force accompanying each augmentation of the reinforcement criterion were substantial, the mean number of responses made to earn each reinforcement was not maintained at the level observed during acquisition (Figure 3) , F(10, 60) = 4.34, p < .01. This ratio increased following the first and second augmentations of the reinforcement criterion, but on subsequent occasions it stabilized, albeit at a new, relatively unfavorable level. Also depicted in Figure 3 , the time taken to earn successive reinforcements showed marginal increases, but these did not achieve statistical significance: interreinforcement time, F(10, 60)= 1.20,p> .05.
The Time Course of Adjustments to New Reinforcement Requirements
In contrast to the numerous significant effects recorded when comparing the different peak force requirement conditions, changes over the 6 days within each condition were limited. Systematic increases in mean AF/AT were found (Figure 4) , F(5, 30) = 3.62, p < .05, but peak force latency did not exhibit any such effects (Figure 4) , F(5, 30) = 1.01, p > .05. This combination produced a nonsignificant tendency for mean peak force to increase over this 6 day period, F(5, 30) = 2.08, p > .05. Furthermore, as mean response duration was relatively stable during this time (Figure 4) , F(5, 30) = 0.85, p > .05, constant amounts of work per response were performed over Days within Conditions (time integral of force), F(5, 30) = 0.48, p > .05. Thus, apart from the gradual increase in AF/AT. the results showed that response topography remained fairly stable within conditions. In addition, because no significant Conditions x Days interactions were recorded for any of these variables: AF/AT, F(50, 300) = 1.02, p > .05; peak force latency, F(50, 300) = 0.73, p > .05; response duration, F(50, 300) = 1.02, p > .05; peak force Although there were only marginal changes in response topography within each condition, it was found that the number of responses made to earn each reinforcement ( Figure  4) , F(5, 30) = 5.89, p < .01, decreased significantly during the 6 days that animals were exposed to the increased peak force criteria. This effect is attributable to the slight increases in peak force referred to above, because the adjustment of peak force over days resulted in a larger proportion of responses meeting the force criterion on successive days within a condition. The decrease in response to reinforcement ratio was sufficient to produce a significant reduction in interreinforcement time, F(5, 30) = 3.97, p < .01, although the rate at which responses were generated was constant during this period: interresponse time, F(5, 30) = 0.21, p > .05. Again, no significant Conditions x Days interactions were obtained for either responses per reinforcement, F(50, 300) = 1.04, p > .05; interresponse time, F(50, 300) = 1.26, p > .05; or interreinforcement time, -F(50, 300) = 1.28, p > .05.
The highly significant amplification of responses recorded between conditions, coupled with the minimal alterations in response characteristics within conditions, implies that motor performance was modified immediately on augmenting the reinforcement criterion. A preliminary inspection of the data revealed that this was the case (see Table 1 ).
For all variables, the changes in value from Day 6 of the previous force condition to Day 1 of the new force condition were substantially greater than the average interday change within conditions. For all variables apart from AF/AT, these Day 6 to Day 1 changes were greater than the total changes from Day 1 to Day 6 within conditions. Through its influence in peak force, changes in AF/AT between and within conditions offset the decline in success (reduced reinforcement rate and increased responses to reinforcement ratio) caused by imposing a more stringent reinforcement criterion. As shown in Table 1 , the number of responses made to earn each reinforcement and the interreinforcement time both increased on augmenting the peak force criterion (Day 6 vs. Day 1), but then decreased significantly with continued exposure to the requirement (Day 1 vs. Day 6). These results indicate that response topography changed most on the initial day of exposure to the new peak force requirement. Analyses were undertaken to determine how many reinforcements were received under this elevated requirement before each response parameter changed significantly from values recorded on the final day of the preceding peak force requirement. These analyses took the form described in the Method section and the results are presented in Table 2 .
As might be expected, the imposition of a higher peak force criterion led to a rapid augmentation in the mean peak force. Table 2 shows that this variable became significantly higher during the first 20 reinforcements of the augmented criterion session relative to the same segment of the preceding session (Day 6). It may be presumed that this alteration in performance, which was critical to earning reinforcement under the altered contingencies, was supported by increases in AF/AT and peak force latency. Though neither of these variables exhibited significant increases from the preceding force criterion during the first 20 reinforcements, their mean values Note. All calculations were performed on means for all subjects that were precise to three decimal places. Change scores from the final day of one force condition to the first day of the next augmented force condition (Day 6 vs. Day 1) were calculated by subtracting the parameter value on the final day of the preceding condition from its value on the first day of the next condition and then averaging these values for all force increments. Change scores from the first day of each augmented condition to the final day of the same condition (Day 1 vs. Day 6) were calculated by subtracting the parameter value on the first day of the condition from its value on the final day, then averaging these values for all force increments. The mean difference between days within a condition (Interday difference) was obtained by dividing the latter result by five. (Units are the same as described in the text.) tended to be higher and their combined influences must account for the observed effect on peak force. Following 40 reinforcements under the augmented criterion, peak force latency had risen significantly. Although mean AF/AT exhibited highly reliable effects of the peak force requirement, as indicated by the analyses reported in Table 1 , it did not rise significantly during the first day of exposure to augmented force criteria.
Alterations in Motor Performance Following the Reduction of the Peak Force Requirement
Considering the rapidity and magnitude of alterations in subjects' motor performance when the reinforcement criterion was augmented, it was of interest to determine how behavior would adapt to the reinstatement of the force criterion used during acquisition. This decrease in the force requirement was 10 times greater than the augmentations encountered earlier (49.05 X 10~2 N vs. 4.91 X 10~2 N).
Comparisons were made between performance during the first 6 days on which the initial peak force criterion was reinstated, the last 6 days of acquisition itself, and the final augmented reinforcement criterion condition. These ANOVAs indicated that response topography was not altered substantially to adapt to the reduction in the peak force requirement during the first 6 days of the reinstated condition (see Table 3 for a summary of mean values and F ratios). Response parameters did not return to levels exhibited during acquisition.
On reinstating the original force requirement, the mean peak force of presses tended to decline only marginally from values recorded during the final augmented force condition ( Figure 5) , F(\, 6) = 4.84, p > .05. Thus, values of this variable remained substantially higher than those measured during the final 6 days of acquisition ( Figure 5) , F(\, 6) = 42.50, p> .01. This slight reduction in peak force relative to the final augmented force condition was related to both a significant decrease in peak force latency, F(\, 6) = 9.\2,p< .05. and a marginal decline in AF/AT over this period ( Figure  5) , F(l, 6) = 3.82, p > .05. Of these two variables, only peak force latency exhibited values during the reinstated condition days that were similar to those recorded at the end of the acquisition period, F(\, 6) = 2.15, p > .05. Both peak force and AF/AT remained substantially greater than during acquisition (Figure 5 ), /•'(!, 6) = 22.07, p < .01. As can be seen in Figure 5 , a pattern of results like those obtained for AF/ AT and peak force was observed for mean time integral of force. Mean values of this variable only declined marginally on reinstating the original force criterion relative to levels recorded during the final augmented force condition, F( 1, 6) = 3.94, p > .05, and therefore remained far greater than those generated during the final part of acquisition, F( 1,6) = 20.15, p < .01. The high degree of correspondence between peak force and time integral of force was due to the stability of the response duration between all three of these force requirement conditions (see Table 3 ).
By not modifying response topography substantially, animals performed responses far greater than those required to earn reinforcement under the reinstated peak force requirement. As can be seen in Figure 6 , the number of responses made to earn reinforcements was less in the reinstated criterion condition than during the final augmented criterion condition, F(\, 6) = 19.41, p < .01. Also, this value was significantly less than the ratio achieved during response acquisition, F(l, 6) = 17.15, p < .01. Similarly, Figure 6 also shows that when the original reinforcement criterion was reinstated, interreinforcement time declined to levels somewhat lower than those recorded during acquisition, F(l, 6) = 1.74, p > .05, and significantly lower than those recorded during the final augmented criterion condition, F(l, 6) = 21.14,/x.Ol. Note. Units of measurement are as presented in the text. MS = mean squares. 8 Mean squares and F ratios for Conditions effects obtained using two-way repeated measures analyses of variance (ANOVAs) that compared the means of the reinstated peak force requirement condition with the means of either the acquisition condition or the terminal augmented peak force condition means. *p<.05. "fX.Ol on a repeated measures ANOVA with (1,6) df.
One-way ANOVAs coupled with Duncan's Multiple Range Tests of the entire reinstated criterion condition (16 days) indicated that response topography had been modified by the end of this period (see Table 4 ).
Mean AF/AT declined gradually, and the final day of the condition was significantly lower than the first day, F(l 5, 90) = 3.79, p < .01. Because the mean time taken to achieve the peak force remained stable during this period (peak force latency), F(\S, 90) = 0.75, p > .05, these changes in AF/AT resulted in reductions in peak force over Days within the reinstated condition, F( 15, 90) = 3.11, p < .01. Furthermore, similar response durations during the reinstated criterion phase of the experiment, F(15, 90) = 0.77, p > .05, caused time integral offeree also to decrease marginally over the 16 days of this condition, F(15, 90) = 1.82, p < .05.
These alterations in response topography were not large enough to produce a reduction in success during the reinstated peak force criterion condition: The number of responses made to earn each reinforcement remained unchanged, F(\5, 90) = 1.21, p > .05, and mean interreinforcement time remained stable over the 16 days of this condition, F(15, 90) = 1.18,
Alterations in Work and Energy Expenditure Over the Course of the Experiment
As anticipated, successive augmentations in the peak force required to earn reinforcement resulted in increases in work performed. Both the mean response magnitude (Figure 7) , F(\0, 60) = 19.97, p < .01, and the work committed to earning each reinforcement (Figure 7) , F(10, 60) = 42.59, p < .01, increased across conditions. However, within conditions, work per reinforcement exhibited small systematic decreases over days, F(5, 30) = 2.54, p < .05, while work per response remained constant: time integral of force, F (5, 30) = 0.48, p > .05. Thus, the decrease in work per reinforcement within conditions was due to a decline in the number of responses made to earn each reinforcement and not to a decrease in the magnitude of each response. Like the other variables analyzed, significant Conditions X Days interactions were not found for work per reinforcement, F (50, 300) = 1.32, p > .05, or time integral offeree, F(50, 300) = 1.19, p>.05.
Because the work performed per reinforcement increased across conditions, while the rate of reinforcement was stable, augmented work rates were recorded for each increase in the reinforcement criterion (Figure 7) , F(10, 60) = 16.03, p < .01. However, these alterations in the amount of task work performed were not accompanied by similar changes in the rate of energy expenditure, which decreased significantly during this period (Figure 7) , F(IQ, 60) = 4.76, p < .01. The decrease in the overall energy expenditure could not be attributed to a reduction in the energy expended on basal metabolic processes as the weights of subjects increased significantly across conditions by an average of 10 g, F(10, 60) = 4.28, p < .01 . Thus, by elimination, these data indicate that, although the amount of energy allocated to task performance (work per minute) increased, the energy expended in performing nontask-related activities decreased to such an extent that the overall energy expenditure in the experimental environment declined.
In spite of the systematic reduction in the overall rate of energy expenditure, similar amounts of energy were expended to earn reinforcement over the various force conditions, F ( 1 0, 60) = 1 . 1 9, p > .05 . This result was attributable to the marginal reductions in reinforcement rate (see Figure 3) , because this implies that the average number of minutes spent earning 100 reinforcements in the operant chamber increased slightly as the force criterion was augmented. This small increase in session length was sufficient to offset the effects of reduced rates of energy expenditure and cause mean energy expenditure per reinforcement to remain constant.
The dissociation between the task-related work measures and those relating to the overall energy expended during this study is illustrated clearly by comparing data from the reinstated condition with those obtained at the end of acquisition (see Table 3 and also Figures 5 and 6) . All of the measures of task work were elevated on the first 6 days of the reinstated force criterion condition with respect to the final 6 days of acquisition: time integral offeree, F (l, 6) = 20.15, p < .01; work per reinforcement, F([, 6) = 18.98, p < .01; and work rate, F( 1, 6) -11.05, p < .05 . The rate of energy expenditure on the contrary was significantly lower on the reinstated days than at the end of acquisition, F(l, 6) = 15.99, p < .05. However, because of the stability of reinforcement rate over this transition, this reduction in energy expenditure was not associated with a significant decrease in the mean overall energy expended to earn each reinforcement, F(l, 6) -4.93, p > .05. The primacy of reinforcement rate as a determinant of the energy efficiency of behavior is again emphasized by the observation that energy efficiency was significantly higher during the first 6 days of the reinstated condition than during the final augmented force condition, F( 1, 6) = 15.84, p < .01. However, in this comparison, the rates of energy expenditure did not differ as shown in Table 3 , while the rate of reinforcement did (see Figure 6 ). One-way ANOVAs indicated that the work-related variables declined only slightly throughout the 16 days of the 
Discussion
Manipulation of the force criterion increased task work by augmenting the magnitude of beam presses. As the criterion was increased, peak forces were amplified by a factor that was close to the amount by which the requirement was increased (see Figure 2) . The mean peak forces generated tended to exceed requirements by a relatively constant amount across all augmented conditions. The processes by which response amplification was effected involved modifications of both the temporal and kinetic features of beam pressing. As indicated by analyses of the time course of response modification after each criterion increment, on average, peak force latency was augmented within 40 reinforcements following the introduction of a higher peak force requirement. Similar rapid augmentations in response duration have been noted by Notterman and Mintz (1965) immediately following reductions in reinforcement probability. Increases in the other variable that determines peak force, the rate of force propagation (AF/AT), evolved gradually during the period that the new peak force requirement was in place.
The time course of motor modifications following increments in the peak force criterion is consistent with a model in which on-line, immediate adjustments are made by peak force latency, whereas longer term adjustments are made by altering the rate at which force is propagated (AF/AT). Such a model can accommodate the observation that when the initial reinforcement criterion was reinstated, AF/AT was significantly higher than during the final stage of the acquisition phase, whereas peak force latency and response duration were unaltered. This implies that exposure to the increased force conditions led to a form of response learning in which AF/AT parameters of the default beam press were modified. A similar conclusion has been reached by Ghez and colleagues (e.g., Gordon & Ghez, 1987a , 1987b ) studying elbow flexion responses in human subjects. They found that different peak force targets were achieved by alterations in the rate of force propagation, whereas fine tuning of response amplitude within force targets was achieved by modifications of peak force latency.
The successively greater mean peak forces exhibited to increases in the reinforcement criterion served to maintain rates of reinforcement at a relatively stable level: The time between each reinforcement across, all augmented force requirement conditions was approximately 4 s. Adjustments in the kinetic features of beam pressing also enabled reinforce- ments to be earned by performing a similar number of responses (approximately 1.69) across conditions following the second increase of the peak force requirement, as shown in Figure 3 . Responses per reinforcement (e.g., Hineline & Sodetz, I987; Hodos&Trumbule, 1967) and reinforcement rate (e.g., Fantino & Abarca, 1985; Mazur& Vaughan, 1987) have been proposed as important factors in regulating response performance. However, the relative constancy of both these variables across most of the augmented criterion conditions does not differentially support either of these proposals.
When the reinforcement requirement was reduced from 54.57 x 1(T 2 N to 5.52 x 10~2 N, the response force characteristics did not change significantly. Thus, a larger proportion of the responses met the criterion for reinforcement, resulting in an average ratio of 1.03 responses to earn each reinforcement. Furthermore, reinforcement rate increased significantly, and because the rate of energy expenditure was relatively stable, a reduction in the average amount of energy expended to earn each reinforcement was achieved. Therefore, in terms of the amount of time and energy expended to earn each reinforcement, maintenance of the previous response characteristics resulted in a high level of success.
Comparison of the rate of change in behavior when the reinforcement criterion was made more stringent with that observed during the reinstatement phase is compatible with the view that decreases in the effectiveness of behavior are more potent instigators of motor adaptation than increases in effectiveness. However, in view of the unbalanced nature of the experimental design, this result could be attributed to subjects having had far more extensive experience of increases in the criterion than of decreases.
The finding that overall energy expenditure declined in the face of a fivefold increase in the rate of task work indicates unequivocally that the striate muscular work rates associated with beam pressing did not reflect the rates of overall energy expenditure. Rather, while the increasing peak force requirements were fulfilled by augmenting the energetic resources dedicated to performing task work, the energy resources allocated to activities that were not associated with beam pressing declined over the course of the experiment.
